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METHOD FOR BUILDING A THREE 
DIMENSIONAL CELLULAR PARTITION OF 

A GEOLOGICAL DOMAIN 

The present patent application is a non-provisional appli 
cation of International Application No. PCT/ IB2004/ 002030, 
?led Jun. 2, 2004. 

FIELD OF THE INVENTION 

The invention generally concerns the modelling of the 
behaviour of three-dimensional (3D) domains such as geo 
logical volumes. 

BACKGROUND OF THE INVENTION 

Geological volumes (or reservoirs) are de?ned as 3D 
domains Which contain ?uids (such as oil, gas and/or Water). 

It is speci?ed that such geological volumes often include 
singular topological surfaces such as faults, horizons and/or 
the limits of the reservoir itself. 
An “horizon” is de?ned as an interface betWeen tWo sub 

domains of a geological volumeithese subdomains being 
typically tWo layers made of different materials. 

These singular surfaces can furthermore be irregular. 
The modelling of the behaviour of geological volumes 

aims in particular at simulating the How of ?uids through and 
Within the geological volume. 

Such simulation is carried out by softWare programs Which 
compute the behaviour of ?nite volumes (called “cells”), 
Which cells form a partition of the geological volume. 

This partition (also called “grid”) represents the geological 
volume in the “geological domain” (ie in the actual physical 
domain Where the geological volume is). 

Software programs such as mentioned above are referred to 
as “How simulators”. 

In order to run a How simulator, it is therefore necessary to 
build cells Which form a partition of the geological volume. 

Each cell of such a partition is associated to some informa 
tion Which has to be memorized in the computer system 
Which runs the How simulator. 

This information typically include for any given cell C0: 
The volume of C0, 
The permeability tensor of C0, 
The list of the cells Which are adjacent to C0, 
For each cell C1 adjacent to C0, the parameters de?ning the 
common face shared by C0 and C1. 

Until recently, tWo types of knoWn methods have been used 
for building 3D partitioning (or 3D “grids”) consisting of sets 
of adjacent cells as mentioned above. 

Such 3D grids can be “structured” (as illustrated in FIG. 1) 
or “non-structured” (as illustrated in FIG. 2). 

In both cases, it is necessary to adapt the geometry of the 
cells in order to run the How simulator as ef?ciently as pos 
sible. 

In particular, the geometry of the cells has to be de?ned so 
as to avoid undesirable effects such as having cells intersect 
ing singular surfaces (such as mentioned above) of the geo 
logical volume. 

Other constraints are associated to the de?nition of such 
cells de?ned in the geological domain: among others, these 
cells must be aligned With minimal distortion and/ or size 
variation. 

Such construction of the cells in the geological domain 
therefore implies constraints associated to the de?nition of 
the geometry and topology of the cells. 
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2 
These constraints can make the process of building the 

cells very complex, in particular because the construction of 
the cells as mentioned above implies coding: 

the geometry of the cells (in particular the geometry of the 
faces of each cell), and 

the topology of the cells (in particular information describ 
ing the faces of the cells and information alloWing the 
identi?cation of the cells adjacent to any cell). 

This constitutes a draWback of such construction of the 
cells. 

Furthermore, to be honored, these constraints often neces 
sitate to make approximations and/or simpli?cations on the 
geometry/topology of the singular surfaces of the geological 
volume. 

Also, they imply that the geometry and topology of the 
cells has to be memorized, in association With the information 
mentioned above. This increases the memory space Which is 
required in the computer system used for running the How 
simulator. 

Moreover, When considering a given point of the geologi 
cal volume, the process of ?nding Which cell said point is 
associated to typically necessitate to scan all (or a large num 
ber of) cells to ?nd out if the point is contained in the cell. This 
makes the exploitation of the cell grid burdensome. 

Finally, the determination of the permeability tensor of a 
cell can reveal quite dif?cult, specially in the case of a non 
structured grid. 

It thus appears that the knoWn methods for building cells 
are associated to some draWbacks and limitations. 

It is to be noted that an advanced approach has been pro 
posed recently for modelling the properties of the cells (but 
not for building said cells). 

This approach has been described in “Space-time math 
ematical frameWork for sedimentary geology” (Mathemati 
cal Geology, Vol. 36, N0 l, 2004). 

This advanced approach implies the association of the 
geological domain With a parametric domain Where singular 
surfaces such as faults and horizons can be managed in a 
simple manner. 
And WO 03/050766 discloses a method for the 3D mod 

elling of a geological volume Which presents a variant Which 
can be used in combination With the advanced approach men 
tioned above. 

HoWever, the method disclosed in WO 03/050766 still 
requires the de?nition of the cells in the geological domain in 
order to model the geological volume. 

Thus, the method disclosed in WO 03/050766 does not 
resolve in itself the draWbacks and limitations mentioned 
above. 
An objective of the invention is to avoid these draWbacks 

and limitations. 

SUMMARY OF THE INVENTION 

In order to reach the objective mentioned above, the inven 
tion proposes a method for building a three-dimensional (3D) 
cellular partition covering a 3D geological domain by de?n 
ing the cells of the partition, characterized in that said method 
comprises the folloWing steps: 
A “3D screen construction step” for constructing a 3D 

screen Which is a 3D elementary partition covering the 
geological domain, said 3D screen being composed of a 
plurality of voxels Which are elementary volume ele 
ments, 

A “voxel painting step” for associating a cell identi?er to 
each voxel, 



US 7,7ll,532 B2 
3 

A “cell de?nition step” for de?ning the cells of the geo 
logical domain, each cell of the geological domain being 
de?ned as the subset of voxels of the 3D screen associ 
ated to the same cell identi?er, 

thereby alloWing the de?nition of the cells of the geological 
domain Without having to code the geometry and/or topology 
of said cells in said geological volume. 

Speci?c aspects of such method are the following: 
The method further comprises associating to each voxel an 

individual index information Which characterizes the 
location of said voxel in the 3D screen and alloWs the 
retrieving of the voxels neighbouring said voxel in the 
3D screen. 

The invention further provides a “parametric” method 
using a method as mentioned above, characterized in that said 
parametric method further comprises the folloWing steps: 

Constructing three transfer functions de?ned from the geo 
logical domain to a parametric domain for associating 
each point in the geological domain to an image point in 
the parametric domain, 

Partitioning the parametric domain into parametric cells, 
Associating a respective cell identi?er to each parametric 

cell of the parametric domain, each parametric cell being 
individually associated to a respective cell identi?er, 

After the 3D screen construction step, associating to each 
voxel of the 3D screen the cell identi?er of the paramet 
ric cell in the parametric domain Which contains the 
image point of a point contained in said voxel. 

Preferred, but non limiting aspects of such parametric 
method include the folloWing: 

the parametric domain is a 3D domain and three transfer 
functions are respectively de?ned from the geological 
domain into one of the three respective dimensions of 
the parametric domain, 

said or one of said transfer function is de?ned so that the 
image of each horizon of the geological domain is a 
plane in the parametric domain, 

the partitioning of the parametric domain into parametric 
cells is carried out in such a Way that no edge or face of 
a parametric cell crosses a plane corresponding to an 
image of an horizon of the geologic domain, 

said transfer functions are built according to the GeoChron 
model, 

the building of said transfer functions implies the folloWing 
operations: 
Covering the geological domain With a 3D mesh con 

sisting of adjacent polyhedra Whose edges never cross 
the fault surfaces of the geological domain, each of 
said polyhedra being a tetrahedron or the union of 
adjacent tetrahedra, 

Reserving memory slots for coordinate(s) in the para 
metric domain associated to each vertex of each tet 

rahedron, 
Assuming that the transfer functions are linear inside 

each tetrahedron and that each transfer function is 
thus fully de?ned Within said tetrahedron by its values 
at the vertices of said tetrahedron, 

Computing the values of a given transfer function at the 
vertices of said tetrahedral of the geological domain, 

Computing the values of the transfer function(s) other 
than said given transfer function (t), at the vertices of 
said tetrahedral of the geological domain, 

each of said coordinate(s) corresponds to a sampling value 
for a respective transfer function at the location of a 
tetrahedron vertex and the computation of the transfer 
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4 
function(s) is carried out at the location of each vertex of 
a tetrahedron in the parametric domain, 

said computation of the values of said given transfer func 
tion is made With a DSI method carried out on the basis 
of the values of said given transfer function at horizons 
of the geological domain, said given transfer function 
being assumed to have a respective constant value on 
each given horizon of the geological domain, 

said computation of the values of said given transfer func 
tion is made at the location of each vertex of each tetra 
hedron With a DSI method carried out on the basis of the 
values of said given transfer function at each horizon of 
the geological domain, 

said polyhedra are chosen as tetrahedral, 
said computation of the values of said other transfer func 

tion(s) is carried out through the folloWing steps 
De?ning a reference surface in the geological domain, 
Computing said values of each of said other transfer 

function(s) through a DSI method carried out on the 
basis of the values of said other transfer function at 
said reference surface of the geological domain, 

said reference surface of the geological domain is chosen 
as an horizon of said geological domain, 

said reference surface of the geological domain is chosen 
as an horizon Which intersects a maximum number of 
faults blocks of the geological domain, 

there are tWo said other transfer-functions de?ned on said 
reference surface and said reference surface is chosen so 
that on said reference surface the gradients of a ?rst of 
said other transfer function are as much orthogonal as 
possible to the gradients of the second of said other 
transfer function and said gradients have as much as 
possible constant lengths, 

said DSI method for computing the values of a transfer 
function on the basis of the values of said transfer func 
tion at the image of a horizon surface implies the fol 
loWing steps: 
Discretizing said horizon surface as a ?nite set of points 

considered as DSI Control Points, 
Computation of said transfer function at DSI Control 

Points on said horizon surface, 
For each DSI Control Point: 

Identi?cation of the tetrahedron Which contains the 
DS1 Control Point, 

Formulation of a DSI constraint associated to the DS1 
Control Point, said DSI constraint corresponding to 
equating the barycentric mean of the values of said 
transfer function at the vertices of said tetrahedron 
to the knoWn value of said transfer function at said 
DSI Control Point, 

said DSI method for computing the values of a transfer 
function further comprises applying to the values of said 
transfer function at the vertices of the tetrahedra a 
smoothing condition linking the values of said transfer 
function at the vertices of neighbouring tetrahedra of the 
geological domain, 

said smoothing condition is a condition of a minimal dif 
ference betWeen the value of said transfer function at a 
given tetrahedron vertex location and an average value at 
neighbouring tetrahedron vertices in the geological 
domain, 

said smoothing condition for any pair of adjacent tetrahe 
dra consists in specifying that the gradients of said trans 
fer functions should be as equal as possible in said adja 
cent tetrahedral, 

said smoothing condition for any pair of adjacent tetrahe 
dron consists in specifying that the respective projec 
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tions, on the normal vector to the common face shared by 
said tWo adjacent tetrahedra, of the gradients of said 
transfer functions in said adjacent tetrahedra, should be 
equal, 

the computation of said tWo other transfer functions is 
carried out using the knowledge of the earlier computa 
tion of said given transfer function, 

the method further comprises specifying that Within each 
tetrahedron the gradient of each of said tWo other trans 
fer functions is orthogonal to the gradient of said given 
transfer function, 

Within each tetrahedron the method further comprises 
specifying that the gradients of said tWo other transfer 
functions are constrained to be orthogonal betWeen 
them, and the respective lengths of said gradients of said 
tWo other transfer functions are constrainted to be sub 
stantially equal, 

said point contained in the voxel and Whose image point is 
contained in the parametric cell having a Cell-id Which is 
associated to the voxel is an arbitrary point of the voxel, 

The invention also provides a “cookie-cutter” method 
using a method for building a three-dimensional cellular par 
tition as mentioned above, said cookie-cutter method further 
comprising the folloWing steps: 

Associating to each geological layer of the geological 
domain a respective layer identi?er, each layer being 
individually associated to a respective layer identi?er, 

Partitioning a reference surface of the geological domain 
into polygons, 

Associating a respective polygon identi?er to each poly 
gon used to partition said reference surface, each poly 
gon being individually associated to a respective poly 
gon identi?er, 

De?ning a layer-polygon function Which associates a value 
to each pair formed of a Layer identi?er and a Polygon 
identi?er in such a Way that each pair is associated to a 
respective value generated by said layer-polygon func 
tion and consisting of a valid cell identi?er, 

Computing for each voxel of the geological domain a voxel 
value of said layer-polygon function Which is the output 
of said layer-polygon function computed on the basis of: 
the Layer identi?er of the layer containing said voxel, 

and 
the Polygon identi?er of the polygon of said reference 

surface Which contains the projection of a reference 
point of said voxel over said reference surface, along 
a projection direction, 

Associating to each voxel a cell identi?er Which is equal to 
the voXel value of the layer-polygon function computed 
at a reference point contained in the voxel. 

Preferred, but non limiting aspects of such “cookie-cutter” 
method include the folloWing: 

the method comprises constructing a transfer function 
de?ned in the geological domain for associating each in 
the geological domain to a value, 

the building of said transfer function implies the folloWing 
operations: 
Covering the geological domain With a 3D mesh con 

sisting of adjacent polyhedra Whose edges never cross 
the fault surfaces of the geological domain, each of 
said polyhedra being a tetrahedron or the union of 
adjacent tetrahedra, 

Reserving memory slots for the values of said transfer 
function at each vertex of each tetrahedron, 

Assuming that the transfer function is linear inside each 
tetrahedron and that said transfer function is thus fully 
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6 
de?ned Within said tetrahedron by its values at the 
vertices of said tetrahedron, 

Computing the values of said transfer function at the 
vertices of all tetrahedral of the geological domain, 

said reference surface is an horiZontal plane of the geologi 
cal domain, 

said projection direction is the vertical direction of the 
geological domain, 

said reference point of each voxel is the centre of the voxel. 
It is also to be noted that preferred but non limiting aspects 

of the method for building a three-dimensional cellular par 
tition as mentioned above include the folloWing: 

the voxels are de?ned so that the volume of each voxel is 
signi?cantly smaller than the volume of the cell of the 
geological domain Which contains the voxel, 

the ratio of the volume of each voXel to the volume of the 
cell of the geological domain containing said voxel is at 
least 1:50, 

said method includes a post-processing of desired voxels in 
order to selectively modify the cell identi?ers of said 
voxels after the cell de?nition step, 

said post-processing is applied to voxels primarily associ 
ated to the cell identi?er of a ?rst cell, andbeing adjacent 
to a border of said ?rst cell With a second cell, and the 
neW cell identi?er associated to said voxel is the cell 
identi?er of said second cell, 

after the cell de?nition step the method further comprises 
the retrieving of the voxels contained in a cell Which also 
contains a given voxel, by exploring recursively from 
said given voxel through successive concentric rings all 
the voxels Which are associated to the same cell identi 
?er as said given voxel, 

after the cell de?nition step the method further comprises 
the identi?cation of the cells adjacent to a cell containing 
a given voxel by retrieving the voxels Which are associ 
ated to a cell identi?er different from the cell identi?er of 
said cell containing said given voxel and are also adja 
cent to at least one voxel of said cell containing said 
given voxel, 

after the cell de?nition step the method further comprises 
the computation of the volume of any given cell as being 
equal to the sum of the volumes of all the voxels asso 
ciated to the same cell identi?er as a given voxel of said 
given cell, 

the method further comprises after the cell de?nition step 
the construction for any given pair of adjacent cells of 
the face separating said tWo adjacent cells, said face 
being built as the set of all pairs of adjacent voxels such 
that a ?rst voxel of said pair belongs to a ?rst of said tWo 
adjacent cells and the second voxel of said pair belongs 
to the second of said tWo adjacent cells, 

in association With each voxel the cell identi?er associated 
to the voxel is memorized, 

in association With each voxel at least a parameter repre 
sentative of a physical property of the geological volume 
corresponding to the voxel is also memorized, 

said at least one parameter representative of a physical 
property of the geological volume corresponding to the 
voxel is limited to one scalar permeability parameter, 

the method further comprises the computation of a tensor 
of permeabilities for each cell, said computation being 
deduced from scalar permeabilities associated to the 
voxels of said cell, 

the computation of a tensor of permeabilities of a cell is 
further based on scalar permeabilities associated to 
some voxels in the neighbourhood of said cell, 
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said 3D screen consists of a plurality of adjacent hexahe 
dral voxels aligned according to three sets of straight 
lines corresponding to the three dimensions of the geo 
logical domain, 

the lines of each set are regularly spaced and all voxels of 
the 3D screen are identical, 

the method includes a speci?c post-processing of cells 
associated to some singular geological surfaces Within 
the geological domain by memoriZing the equations of 
said singular surfaces and dividing each cell of the three 
dimensional partition Which is intersected by such sin 
gular surfaces into at least tWo subcells, each subcell 
being entirely located on a same side of said singular 
surface, 

the singular surfaces Which are treated speci?cally include 
fault surfaces of the geological volume, 

said dividing of cells traversed by said singular surfaces 
include the folloWing steps: 
For each traversed cell, de?ning subsets of voxels Whose 

centres are all located on a same side of said singular 

surface, 
Assigning to each such subset of voxels a neW cell iden 

ti?er Which is different from the cell identi?ers 
assigned to other cells. 

Assigning to all voxels of each such subset of voxels a 
neW cell identi?er equal to the cell identi?er assigned 
to the subset of voxels it belongs to, 

the method includes a speci?c post-processing of some 
speci?c volumes Within the geological domain by de?n 
ing the cells of said speci?c volumes With an “indirect” 
method Which comprises the folloWing steps for each of 
said speci?c volumes: 
Reseting the Cell-id of all voxels Within said volume, 
De?ning for each cell to be de?ned Within said speci?c 
volume a “kemel”, each kernel being composed of 
one or more voxels, 

Associating to each kernel a Cell-id Which has not been 
still assigned, 

Associating to each voXel Within said speci?c volume 
the Cell-id of the kernel Which is closest to said voxel, 

De?ning each cell of said speci?c volume as the subset 
of voxels of the 3D screen associated to the same 

Cell-id, 
in order to obtain a given desired geometry for an interface 

betWeen tWo cells Which are to be de?ned Within a said 
speci?c volume according to said indirect method, 
respective kernels of said tWo cells are de?ned as fol 
loWs: 
A kernel is de?ned for a ?rst of said tWo cells to be 

de?ned With at least a voxel of a ?rst of said tWo cells, 
said voXel being chosen so as to be bordering or close 
to the desired interface, 

For each voXel of said kernel of a ?rst cell to be de?ned 
(“?rst voxel”) and bordering or close to the desired 
interface, the voxel (“symmetrical voxel”) Which is 
symmetrical of said ?rst voxel With reference to the 
desired interface is identi?ed, 

A kernel is de?ned for the second of said tWo cells to be 
de?ned, With the symmetrical voxel(s) thus de?ned, 

the kernels positions and the kernel density are de?ned so 
as to obtain a desired general con?guration for the cells 
of said speci?c volumes, 

said speci?c volume is de?ned by a given distance around 
a Well path of the geological volume and the kernels are 
de?ned so that Within said speci?c volume the kernel 
density is higher in the vicinity of said Well path, 
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8 
speci?c volume is de?ned by a region of rapid variation of 

at least one physical property and the kernels are de?ned 
so that they are associated to a local density Which is 
related to the intensity of heterogeneity of said physical 
property. 

DESCRIPTION OF THE DRAWINGS 

Other aspects, goals and advantages of the invention shall 
be apparent from the description given hereunder in reference 
to the draWings on Which, in addition to FIGS. 1 and 2 Which 
have already been commented in reference to the state of the 
art: 

FIG. 3 is a representation of a 3D cell partition built accord 
ing to a “parametric” method of the invention (this ?gure 
comprising an upper part 311 Which shoWs only the cell par 
tition With some singular surfaces, and a loWer part 3b Which 
is equivalent but comprises in addition details on the cells of 
the partition and on some singular surfaces of the geological 
domain), 

FIG. 4 is a representation of a mesh of tetrahedra estab 
lished on a geological domain, in order to carry out the 
method according to the invention, 

FIG. 5 is a representation of parametric cells de?ned in a 
parametric domain, for a “parametric” version of the method 
according to the invention, 

FIG. 6 is a representation of a partition of a geological 
domain into polyhedric cells, obtained through a method 
according to the invention, this ?gure shoWing in particular 
elements associated to the 3D screen used to build the cells, 

FIG. 7 is an enlarged vieW of a cell built according to the 
invention, With a subset of voxels associated to the same cell 

identi?er, 
FIG. 8 is an illustration of a post-processing method of the 

state of the art for selectively adapting the cells of an existing 
3D grid of cells, in the neighbourhood of given areas of a 
geological domain (here, Well paths). 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

General Aspects of the Invention 

FIG. 3 shoWs a 3D cell partition built according to the 
invention. This cell partition covers a geological domain. 

As Will be explained in details in this description, the 
method of the invention comprises the folloWing steps 
A “3D screen construction step” for constructing a 3D 

screen Which is a 3D elementary partition covering the 
geological domain, said 3D screen being composed of a 
plurality of voxels (Vi) Which are elementary volume 
elements, 

A “voxel painting step” for associating a cell identi?er 
(Cell-id) to each voxel, 

A “cell de?nition step” for de?ning the cells of the geo 
logical domain, each cell of the geological domain being 
de?ned as the subset of voxels of the 3D screen associ 
ated to the same cell identi?er, 

thereby alloWing the de?nition of the cells of the geological 
domain Without having to code the geometry and/or topology 
of said cells in said geological volume. 
The 3D screen construction step consists in building a “3D 

screen” Which is a partition of the geological domain to be 
covered by the cell partition Which is to be built. 
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This 3D screen is a 3D partition of the geological domain 
Which is different from the partition corresponding to the cells 
to be built. 

The 3D screen is composed of elementary volume ele 
ments Which shall be called “voxels”, and associated With the 
general reference V or Vi. 

The voxels are the elementary volume elements from 
Which the cells shall be built. 

The 3D screen can typically be constructed as a 3D grid of 
adjacent hexahedral voxels aligned according to three sets of 
straight lines corresponding to the three dimensions (x,y,Z) of 
the geological domain. 

These straight lines can be regularly spaced so as to de?ne 
a single spacing betWeen tWo adjacent lines in one of the three 
sets of lines Which correspond to the three dimensions of the 
geological domain. In this con?guration, all voxels of the 3D 
screen Would be identical. As an illustration, some voxels of 
a 3D screen are represented in the loWer left part of FIG. 6. 

As mentioned above, the voxels are the elementary volume 
elements from Which the cells shall be built (i.e. a given cell 
of the cell partition to be built shall be composed of a plurality 
of voxels, as illustrated in FIG. 7). For that purpose, it is 
necessary that the siZe of the voxels be de?ned as signi?cantly 
smaller than the siZe Which is expected/desired for the cells. 
As an illustration, for example a ratio of 1:50 betWeen the 

siZe of a given cell of the cell partition and the siZe of the 
voxels contained Within said cell is Well adapted. Of course, a 
ration of 1:X With X>50 Would also be adapted. 

Each voxel Vi is associated to an individual index informa 
tion (Which can be noted Loc(Vi)), Which characterizes the 
location of the voxel in the 3D screen. 

This information identi?es the voxel unambiguously. It is 
speci?ed that the invention is to be embodied on a computa 
tion system such as a computer (personal or not), or any 
equivalent device equipped With processing means, display 
means and memory means. 

Loc(Vi) can be e.g. (i,j,k) Where i,j and k are indexes (or 
coordinates) Which alloW the position of the associated voxel 
Vi in the referential of the 3D screen to be de?ned. 

To that end said referential is composed of the three axis 
(X,Y,Z) of the geological domain, each axis being associated 
to a respective increment DX, DY, DZ along the axis. 

The indexes i, j and k thus alloW to de?ne the position of a 
reference point of the voxel, said reference point being noted 
Q and having coordinates (x,y,Z) in the referential of the 
geological domain. 

Said reference point can be de?ned by convention as eg 
the centre of the voxel, or one of its vertices. 

Assuming that the three dimensions of the 3D screen are 
parallel to the three respective axis X, Y, Z of said referential 
and that all voxels are identical, the searched voxel shall be 
identi?ed by a given line (i), column (j) and plane (k) of the 
3D screen. These elements are found as folloWs: 

iIinteger part of (x—xO)/DX, 

jIinteger part of (y—yO)/DX 

lFinteger part of (z—z0)/DZ, 

With (x0,y0,Z0) the coordinates in the referential of the geo 
logical domain of the origin of the 3D screen and (DX,DY, 
DZ) the respective dimensions of each voxel along directions 
X, Y, Z 

It is also possible to de?ne the individual index information 
by other means, eg by a serial number (in this case, the series 
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10 
along Which the voxels are indexed comprises all voxels of 
the geological domain, arranged along a predetermined 
order). 

After having de?ned the 3D screen and its voxels, a “voxel 
painting step” aims at associating a cell identi?er (Cell-id) to 
each voxel. 

For that purpose, tWo main embodiments of the invention 
can be used: a “parametric” method, or a “cookie-cutter” 
method. It is to be noted that these names have been chosen 
for practical purposes only, and in particular the “cookie 
cutter” method does imply some parameteriZation as Well. 
The details of these tWo methods shall be given herebeloW. 
During this voxel painting step, each voxel is associated to 

a “cell identi?er” (referred to as “Cell-id”). A given Cell-id is 
normally associated to several voxels. 
Once the voxels of the 3D screen have been “painted” (i.e. 

associated each to a Cell-id), a “cell de?nition step” alloWs 
de?ning the cells of the geological domain, each cell of the 
geological domainbeing de?ned as the subset of voxels of the 
3D screen associated to the same Cell-id. 

Such method alloWs the de?nition of the cells of a partition 
of the geological domain, Without having to code the geom 
etry and/or topology of said cells in said geological volume. 

It has been said that tWo main methods could be used for 
painting the voxels of the 3D screen. 

Moreover, it is speci?ed that these tWo methods (“paramet 
ric” and “cookie-cutter”) are both referred to as “direct” 
methods Which means that they alloW a direct association of 
a Cell-id to each voxel of the 3D screen. 
As Will be explained, such “direct” methods can be com 

bined With an “indirect” method, Which is a post-processing 
of some speci?c volumes Within the geological domain. 
And this combination of a direct method Which resulted in 

a ?rst association of a Cell-id to each voxel, With an indirect 
method Which is a post-processing of some voxels for Which 
the Cell-id is ?rst reset then rede?ned, is referred to as an 
“hybrid” method. 
The “Parametric” MethodiGeneral Aspects 
The parametric method involves the folloWing steps: 
Constructing at least one transfer function de?ned from the 

geological domain to a parametric domain for associat 
ing each point (x,y,Z) in the geological domain to an 
image point (u,v,t) in the parametric domain. In the 
example commented in this text, three transfer functions 
(uq1(x,y,Z), vq/(x,y,Z), t?(x,y,Z)) are de?ned for this 
parametric method, 

Partitioning the parametric domain into parametric cells 
(this being done With any method knoWn in the art), 

Associating a respective cell identi?er (Cell-id) to each 
parametric cell of the parametric domain, each paramet 
ric cell being individually associated to a respective cell 
identi?er, 

After the 3D screen construction step, associating to each 
voxel of the 3D screen the cell identi?er of the paramet 
ric cell in the parametric domain Which contains the 
image point (u,v,t) of a reference point (x,y,Z) contained 
in said voxel. 

The parametric domain is thus a domain Which is used for 
de?ning Cell-ids, and Which is associated to the geological 
domain through three transfer functions. 
Among the transfer functions used for establishing a cor 

respondence betWeen the geological andparametric domains, 
one transfer function is de?ned so that the image of each 
horiZon of the geological domain is a plane in the parametric 
domain (regarding this aspect reference is made in particular 
to FIGS. 3 and 5 Which Will be further commented in this 

text). 
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This particular transfer function is referred to as t?(x,y,z). 
Furthermore, in the parametric domain the discontinuities 

of the geological domain corresponding to faults have disap 
peared, i.e. the images of points located on opposite sides of 
such faults in the geological domain 
The partitioning of the parametric domain into parametric 

cells should be carried out (With any method knoWn in the art) 
in such a Way that no edge or face bordering a parametric cell 
crosses a plane corresponding to an image of an horizon of the 
geologic domain through the transfer functions. 

Thus, the transfer functions to be built have to meet the 
folloWing requirements: 

The image through the transfer functions u, V and t of any 
point Q(x,y,z) of the geological domain having coordi 
nates x,y,z in the referential of said geological domain is 
a point Q*(u,v,t) having coordinates (u,v,t) in the para 
metric domain, so that uq1(x,y,z), vq/(x,y,z), t?(x,y,z), 

As shoWn in FIGS. 3 and 5, the image of any horizon H of 
the geological domain (ie a singular surface of the 
geological domain separating tWo different layers hav 
ing different geological compositions) is an horizontal 
plane H* of the parametric domain (<<(horizontal>> is 
de?ned in the parametric domain as meeting the condi 
tion t is constant), this being true even if H is a surface 
With faults and/or folds, 

In the parametric domain, all discontinuities associated to 
a fault have disappeared. 

A practical Way to build such transfer functions is to use the 
GeoChron method (see Mallet, J. L., (2004)iSpace-Time 
Mathematical Framework for Sedimentary Geology. Math. 
Geol., V. 36, No. 1, pp. 1-32). 

In practice, the transfer functions (u:(x,y,z), vq/(x,y,z), 
t:t(x,y,z)) are thus built according to the GeoChron model as 
described in “Space-time mathematical framework for sedi 
mentary geology” (Mathematical Geology, Vol. 36, N0 1, 
2004). 
As suggested in this article, the construction of this 3D 

parameterization “GeoChron” model is based on the DSI 
interpolator (Malleti2002: Geomodeling4Oxford Univer 
sity Press) and is implemented as folloWs: 
The geological domain is covered by a 3D mesh consisting 

of adjacent polyhedra Whose edges may be tangent to 
fault surfaces but never cross these fault surfaces (as 
illustrated in FIG. 4). 

This mesh is distinct from the grid formed by the 3D 
screen, and from the 3D grid Which Will be obtained 
once the cells are de?ned. 

As illustrated on FIG. 4 Which shoWs such a mesh based on 
tetrahedra, the polyhedra are typically tetrahedra, or 
polyhedra Which can be divided into tetrahedra. In the 
case of polyhedra formed by several adjacent tetrahedra, 
each tetrahedron shall be treated separately, and We Will 
therefore refer to “tetrahedra” hereinafter, 

Memory slots are reserved for the coordinates (u,v,t) of the 
image of each vertex of each tetrahedron in the paramet 
ric domain, 

It is assumed that the transfer functions are linear inside 
each tetrahedron and therefore each transfer function is 
fully de?ned Within said tetrahedron by its values at the 
vertices of said tetrahedron, and the gradient of each 
such transfer function is constant Within a given tetrahe 
dron, 

The values of the transfer function t(x,y,z) Within the para 
metric domain are ?rst computed, 

The values of the other transfer functions (u(x,y,z), v(x,y, 
z)) Within the parametric domain are then computed. 
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12 
The storage and exploitation of the values of the transfer 

functions at the vertices of the tetrahedra is carried out 
according to the method described in WO 03/050766. 

For ensuring that the transfer function t has a constant value 
over any horizon of the geological domain, a neW variant of 
the DSI technique is implemented. (details on this neW variant 
of the DSI technique Which uses speci?c smoothness con 
straints shall be reminded herebeloW). 

For that purpose, so called “Control Points” DSI con 
straints are installed to specify that horizons H of the geologi 
cal domain should correspond to constant isovalue surfaces 
for the parameter t?(x,y,z) interpolated at the vertices of the 
tetrahedra. 
Once the values of the transfer function t have been com 

puted at the vertices of the tetrahedra, the values for the other 
transfer functions (u,v) are also computed at the same loca 
tions. 

For that purpose, a reference surface is chosen in the geo 
logical domain and then values of uq1(x,y,z) and vq/(x,y,z) 
are computed on this reference surface in such a Way that, on 
this reference surface, the isovalue lines of u:u(x,y,z) and 
vq/(x,y,z) be as much as possible orthogonal. 
The “reference surface” is typically an horizon of the geo 

logical domain. 
The values of u and v are then computed for all the vertices 

of all tetrahedra of the geological domain (and hence for all 
points of this geological domain), using a DSI technique. 
More precisely, DSI constraint are installed to specify that 

from the values computed for the reference surface, the func 
tions uq1(x,y,z), vq/(x,y,z) are extrapolated at the vertices of 
all the tetrahedral of the geological domain in such a Way that 
the gradients of these functions be as much as possible 
orthogonal and have smooth variations. 
The DSI method is then applied to compute the values of 

the transfer functions uq1(x,y,z), vq/(x,y,z), t?(x,y,z) at the 
vertices of all the tetrahedra While honouring all the DSI 
constraints de?ned above. 

Given the fact that the transfer functions are linear Within 
any tetrahedron, the values of the transfer functions at the 
vertices of the tetrahedra give access to the values of these 
functions for any point of the geological domain, by linear 
interpolation as a function of the position of said point Within 
a given tetrahedron. 
Once the transfer functions uq1(x,y,z), vq/(x,y,z), t?(x,y, 

z) have been fully de?ned on the geological domain, the 
partition of the geological domain into cells is carried out 
through the folloWing steps: 

For each voxel V of the 3D screen, a memory position I(V) 
is reserved in order to memorize the Cell-id Which shall 
be associated to the voxel, 

All Cell-ids of the voxels of the 3D screen are set to an 
initial value <<Cell-Undef>> Which by convention cor 
responds to an invalid Cell-id, 

The parametric domain is partitioned into parametric cells, 
as mentioned above, so as to produce a set CLIST* of 

parametric cells CLIST*I{C1*, C2*, . . . , Cn*}. 

A simple Way to proceed is to de?ne the parametric cells as 
adjacent hexahedric cells in Which each edge is parallel 
to one of the three axis u,v,t of the parametric domain. 

It is speci?ed that the size of the parametric cells can be 
adapted locally so as to eg take into account local 
variations of permeability (a preferred application of the 
invention is to run a How simulator after having associ 
ated to each cell a permeability tensor). 

As an illustration and as represented in FIG. 5, the para 
metric domain can be compared to a box CLIST* of 
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hexahedric parallepipedic sugar pieces, each parametric 
cell corresponding to one of these sugar pieces. 

It is to be noted that the illustration of FIG. 5 furthermore 
shoWs than such hexahedric parallepipedic “sugar 
pieces” parametric cells de?ne iso-t levels, each level 
corresponding to a given value of t. On the particular 
representation of FIG. 5, tWo such “iso-t” levels H*(t1) 
and H*(t2) are associated to the respective images 
through the transfer functions of horizons H(tl) and 
H(t2) illustrated in FIG. 3. 

It is also speci?ed that the parametric cells can be obtained 
using any griding method knoWn in the art for generating 
cells Whose edges never cross the planes corresponding 
to the images of the horiZons through the transfer func 
tions (these planes being orthogonal to the t axis). 

Each parametric cell Ck* is then individually associated to 
a respective Cell-id, so that tWo different parametric 
cells are associated to tWo different Cell-ids, 

On the basis of this association of Cell-ids to the parametric 
cells, a function 1* (u,v,t) is de?ned Within the parametric 
domain. This function associates to any point (u,v,t) of 
the parametric domain the Cell-id of the parametric cell 
containing said point, 

The Cell-id of any given voxel V of the geological domain 
is then de?ned as folloWs: 

The coordinates (x,y,Z) of a reference point Q of the 
geological domain Which is individually associated to 
the voxel V (e. g. its centre) are determined, 

The coordinates uq1(x,y,Z), vq/(x,y,Z) and t:t(x,y,Z) of 
the point Q*(u,v,t) image of Q(x,y,Z) in the parametric 
domain are determined, 

The Cell-id l*(u,v,t) is associated to the voxel V. 
After these steps, the Cell-id 1(V) of a given voxel V is 

either: 
The Cell-id of a cell Ck Whose image in the parametric 
domain is included into a parametric cell of the set 
CLIST*, or 

The code “Cell-Undef’ if V does not belong to any cell of 
the partition to be built. 

As illustrated in FIG. 3, most of the cells built this Way in 
the geological domain have an hexahedric shape. This is 
advantageous in the perspective of the use of the cell partition 
of the geological domain With numerical tools such as a How 
simulator, Which performance increases With hexahedric 
cells. 

FIG. 6 provides another illustration of a 3D cell partition 
ing obtained by a method according to the invention, this 
?gure shoWing in particular: 

The grid of hexahedric cells Which is obtained, 
The trace on the borders of the geological domain of the 3D 

screen, as Well as a part of said 3D screen With its voxels 
individually represented (in the loWer left part of the 
domain), 

The reference axis X, Y and Z for the referential of the 
geological domain. 

The GeoChron Model and the DS1 Technique 
There are potentially many possible implementation meth 

ods to build the functions u(x,y,Z), v(x,y,Z) and t(x,y,Z), some 
feW of them being sketched in (MalletiSpace-Time Math 
ematical Framework for Sedimentary GeologyiMath. 
Geol., V. 36, No 1, pp. 1-32i2004). 

HoWever, as mentioned above, the GeoChron model (pre 
sented eg in MalletiSpace-Time Mathematical Frame 
Work for Sedimentary GeologyiMath. Geol., V. 36, No 1, 
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14 
pp. 1-32i2004) can advantageously be used in the paramet 
ric method for building the transfer functions t?(x,y,Z) and 
(uq1(x,y,Z), vq/(x,y,Z)). 

This GeoChron model is used in combination With the 
so-called DSI technique, presented in Mallet: Discrete 
Smooth Interpolation in Geometric ModelingiJournal of 
Computer Aided Designi1992 and extensively developed 
chapter 4, page 139 to 197 in Mallet: Geomodeling4Oxford 
University Pressi2002. 

It is speci?ed that the other main direct methodithe 
“cookie-cutter” methodialso uses the GeChron model and a 
DSI technique, but only for computing the values of the 
transfer function t(x,y,Z). 

According to the GeoChron model, it is sought to obtain 
transfer functions Whose gradients ful?l, at any location (x,y, 
Z) in the geologic domain, the folloWing criteria (for the 
cookie-cutter method, only the aspects relating to the function 
t are to be considered): 
The gradients of u(x,y,Z) and v(x,y,Z) are, as much as pos 

sible, orthogonal to the gradient of t(x,y,Z), 
The gradients of u(x,y,Z) and v(x,y,Z) are, as much as pos 

sible, mutually orthogonal and have the same magni 
tude, 

The gradients of u(x,y,Z), v(x,y,Z) and t(x,y,Z) are never 
equal to the null vector. 

Respecting such criteria ensures that the magnitude of the 
strain tensor de?ned page 19 in MalletiSpace-Time Math 
ematical Framework for Sedimentary GeologyiMath. 
Geol., V. 36, No 1, pp. 1-32i2004 and induced by the param 
eteriZation of the transfer functions is minimiZed. 
As mentioned above and as illustrated in FIG. 4, the geo 

logical domain has been partitioned into polyhedra Which are 
tetrahedra, or can be decomposed each into adjacent tetrahe 
dra. 

Therefore, We Will consider hereunder that such polyhedra 
are tetrahedra (each tetrahedron being treated separately). 
Any pair of connected adjacent tetrahedra of the geological 

domain share three vertices, three edges and one common 
triangular face. 

It is to be noted that “pairs” of tetrahedra Which are not 
connected and Which do not share any vertex or edge can also 
be de?ned, for the purpose of treating the case of tWo tetra 
hedra located on opposite sides of a fault surface by model 
ling the discontinuities generated by such fault surface in the 
geological domain. 
The set of tetrahedra so de?ned generates a so called “tet 

rahedral 3D mesh” Whose nodes correspond to the vertices of 
the tetrahedra While the links of said mesh correspond to the 
edges of the tetrahedra. 

In the folloWing, the set of all the nodes of such a mesh is 
noted M and each individual node is noted With a letter (m). 

At any location (x,y,Z) in the geological domain, it is sought 
to model a function g(x,y,Z) Which may be either scalar of 
vectorial; for example: 

If g(x,y,Z)?(x,y,Z) corresponds to the parameter (t) used in 
the GeoChron model, then g(x,y,Z) is a scalar function 
taking one scalar value (t) at any point (x,y,Z) in the 
geological domain. 

If g(x,y,Z):[u(x,y,Z), v(x,y,Z)] corresponds to the pair of 
parameters (u,v) used in the GeoChron model, then g(x, 
y,Z) is a vectorial function taking one vectorial value 
(u,v) at any point (x,y,Z) in the geological domain. 

Whatever the nature of g(x,y,Z)iscalar or vectorialifor 
the sake of simplicity We shall adopt the folloWing notation an 
assumption: 

For any node (m) of M Whose coordinates are (mx,my,mZ), 
the value of g(mx,my,mZ) is referred to as g(m); 
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The function g(x,y,Z) is assumed to vary linearly inside 
each tetrahedron. 

The function g(x,y,Z) is pieceWise linear in the geological 
domain, i.e. it is linear Within each tetrahedron. 
Due to the pieceWise linear variation of g(x,y,Z), for any 

point (x,y,Z) located inside a tetrahedron T, the value g(x,y,Z) 
is a linear function of the values g(m0), g(m1), g(m2), g(m3) 
taken by the function g(x,y,Z) at the vertices m0, m1, m2, m3 
of this tetrahedron. 

This can be expressed by equation El: 

In such a linear representation of g(x,y,Z), each coef?cient 
A(m|T,x,y,Z) depends on the geometry of the tetrahedron T 
and the position of the point (x,y,Z) inside T. 
More precisely, each coe?icient A(m|T,x,y,Z) is the so 

called “barycentric coordinate” of (x,y,Z) relative to the vertex 
(m) of T. 

This implies that the function g(x,y,Z) is fully de?ned in the 
Whole geological domain by its values on the set M of all the 
nodes of the tetrahedral mesh covering said geological 
domain. 

For the sake of simplicity, the collection of all these values 
are assumed to be the components of a matrix G: 

As a consequence of the pieceWise linear variation of g(x, 
y,Z), it can be concluded that modelling this function is 
equivalent to determining the “best” matrix G, the Word 
“best” being taken in a sense de?ned hereinafter. 

Discrete Smooth Interpolation (DSI) 
The Discrete Smooth Interpolation method (DSI) intro 

duced in (Mallet: Discrete Smooth Interpolation in Geomet 
ric ModelingiJournal of Computer Aided Designil 992) 
and extensively developed chapter 4, page 139 to 197 in 
(Mallet: GeomodelingiOxford University Pressi2002) 
proposes choosing the “best” matrix G as folloWs. 

Each information on the function g(x,y,Z) is translated into 
a DSI constraint C consisting of a linear equation E2 linking 
the components of the matrix G: 

The Unknown variables of this equation are the values 
g(m0), g(m1), . . . , g(mN). 

In such a linear equation, the coe?icientsA(mi|C) and b(C) 
fully de?ne the constraint C to be respected. 

Thus, these coef?cients are chosen (as illustrated by 
examples furtherbeloW in this text) as a function of the spe 
ci?c constraint to be taken into account. 

The set of all the linear equations corresponding to all the 
DSI constraints is then solved in a least square sense Where 
the matrix G is the unknoWn to be determined. 

Among the most popular DSI constraints, one must men 
tion the so called “Control Point” constraint specifying that 

16 
the value of g(x,y,Z) at a given sampling location (x*,y*,Z*) 
inside a tetrahedron T must be equal to a given value g*:g 

(X*,Y*,Z*) 
For that purpose, taking into account the local linear varia 

5 tion of g(x,y,Z) inside T described by equation [El], a linear 
DSI constraint C* is introduced as folloWs: 

This equation [C*] is a particular form of the general equa 
tion [E2] of the DSI constraint, in Which only the coef?cients 
A(m|C*):A(m|T,x*,y*,Z*) corresponding to vertices of T are 
not equal to Zero, and b(C):g*. Therefore, equation [C*] 
represents a DSI constraint. 

In practice, most of the DSI constraints, including the 
Control Point constraints, are not suf?cient to ensure the 
unicity of the least square solution of the DSI problem. 

In order to ensure such unicity, additional constraints can 
be introduced to specify that, among all the possible solution, 
the preferred solution G must be “as smooth as possible” 
everyWhere on the mesh M. 

Different Ways are possible for taking into account such a 
“smoothness” constraint. 
The traditional method proposed in (Mallet: Geomodel 

ing4Oxford University Pressi2002) consists in specifying 
that the value g(m) at a given node of the mesh should be equal 
to the average value at neighbouring nodes linked (i.e. 
directly adjacent) to (m). 

Such a constraint is referred to as a “Minimum Roughness” 
constraint and must be introduced for all the nodes of the 
mesh. 

HoWever, in the context of computing a 3D GeoChronic 
parameteriZation, rather than using this “Minimum Rough 
ness” constraint, another Well-suited method consists in 
introducing a set of “Constant Gradient” DSI constraint 
specifying that, for any pair of adjacent tetrahedra T1 and T2, 
the partial derivatives of g(x,y,Z) on T1 should be equal to the 
partial derivatives of g(x,y,Z) on T2. 
More precisely, introducing such DSI Constant Gradient 

constraints amounts to specifying that: 
if g(x,y,Z)?(x,y,Z) is scalar, then there are three linear 

equations (of the [E2] type) specifying that the three 
components of the gradients of t(x,y,Z) in T1 and T2 are 
equal; 

if g(x,y,Z):[u(x,y,Z),v(x,y,Z)] is vectorial, then there are: 
three linear equations (of the [E2] type) specifying that 

the three components of the gradients of u(x,y,Z) in T1 
and T2 are equal, and 

there are also three linear equations (of the [E2] type) 
specifying that the three components of the gradients 
of v(x,y,Z) in T1 and T2 are equal. 

Equivalently, based on the normal vector N1,2 orthogonal 
to the common face to T1 and T2, it is also easy to check that 
these DSI Constant Gradient constraints amount to specify 
ing that: 
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In order to correspond to valid curvilinear parameteriza 
tions of the 3D geological domain, the transfer functions u, V 
and t should have gradients Which are never equal to the null 
vector. 

Furthermore, the magnitude of the gradients of u(x,y,z) and 
v(x,y,z) should ful?l the requirement that such magnitude is 
as constant as possible (see: MalletiSpace-Time Math 
ematical Framework for Sedimentary GeologyiMath. 
Geol., V. 36, No 1, pp. l-32i2004). 

The “Constant Gradient” DSI constraints (Which are 
applied to all pairs of tetrahedra (T1, T2) in the geological 
domain) alloW such requirement to be ful?lled, and are there 
fore particularly Well suited as smoothness constraints to be 
used With the present invention in place of the traditional DSI 
smoothness constraints. 

These “Constant Gradient” DSI constraints correspond to 
the neW variant of the DSI technique mentioned above. 

Hereunder are exposed the main aspects of the construc 
tion of the transfer functions t(x,y,z), as Well as u(x,y,z) and 

Building t(x,y,z) With DSI 
Let {t0,t1, . . . , tn} be a series ofarbitrary scalar constants 

sorted by increasing values, and associated to a series of 
horizons {H(t0), H(t1), . . . , H(tn)}. 

Although not mandatory, for the sake of clarity, the param 
eter ti may be considered as the geological time When the 
particles of sediments Were deposited on the associated hori 
zon H(ti). 

In the folloWing, the problem of building a function t(x,y,z) 
in the geological domain is addressed in such a Way that 
t(x,y,z) be as much as possible equal to ti When (x,y,z) is 
located on the horizon H(ti). 

For each horizon H(ti) a set HSP(ti) consisting of sampling 
points of the geological domain located on H(ti) is built. 

It is then proceeded as folloWs to compute t(x,y,z) at the 
nodes of the tetrahedral mesh covering the geological 
domain: 

For each set {HSP(t0), HSP(tl), . . . ,HSP(tn)} and for each 
sampling point (x*,y*,z*) ofa set HSP(ti), a DSI Control 
Point constraint is installed; 

For each pair of tetrahedra (T1,T2), a smoothness condi 
tion (eg a DSI Constant Gradient constraint) is installed 
to ensure the smoothness of the solution; 

If need be, other DSI constraints can be added (e.g., see 
Mallet: Geomodeling4Oxford University Pressi 
2002). 

The DSI interpolation method is then run to solve in a least 
square sense the system of linear equations correspond 
ing to all the DSI constraints installed above. As a result, 
the values of the scalar function g(x,y,z)?(x,y,z) at all 
the nodes of the tetrahedral mesh are obtained. 

Building u(x,y,z) and v(x,y,z) With DSI 
It shall noW be explained hoW the functions u(x,y,z) and 

v(x,y,z) can be computed at the nodes of the tetrahedral mesh 
covering the geological domain. 

Prior to building u(x,y,z) and v(x,y,z), it is assumed that the 
folloWing prerequisites are ful?lled: 

First, as described above, the parametric function t(x,y,z) is 
assumed to have already been computed at all nodes of 
the tetrahedral mesh. 

Next, a reference surface RH(t) (typically an horizon) cor 
responding to an isovalue surface of the function t(x,y, 
z)) has been arbitrarily selected inside the geological 
domain. Preferably, this reference horizon should be 
chosen in the middle of the geological domain and 
should intersect the maximum number of fault blocks 
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18 
(the “fault blocks” being the regions of the geological 
domain Which are bounded by the fault surfaces) of the 
geological domain as possible. 

Finally, a surface parameterization (urqlr(x,y,z), VFVI‘(X, 
y,z)) of the reference horizon RH(t) is assumed to be 
computed. This parameterization is thus a function 
de?ned only on the reference horizon RH(t), not to be 
confused With the transfer functions uq1(x,y,z) and Val 
(x,y,z) Which are de?ned in the Whole volume of the 
geological domain. For computing such a surface 
parameterization of RH(t), one can, for example, use the 
method described page 287 in (MalletiGeomodel 
ing4Oxford University Pressi2002). 

It is to be noted that, as a result of the parameterization of 
the reference horizon RH(t), the output of the parametric 
functions ur(x,y,z) and vr(x,y,z) are noW knoWn for any point 
(x,y,z) located on the reference horizon RH(t). 

Moreover, according to the method described in section 
6.5.2 page 290 and section 6.5.3 page 295 in Mallet4Geo 
modelingiOxford University Pressi2002, it is alWays pos 
sible to compute ur(x,y,z) and vr(x,y,z) in such a Way that: 
The modules of the gradients of ur(x,y,z) and vr(x,y,z) on 
RH are as much as possible constant (for example both 
modules equal to l), 

The gradients of ur(x,y,z) and vr(x,y,z) on RH are as much 
as possible orthogonal betWeen them, 

The respective modules of the gradients of ur(x,y,z) and 
vr(x,y,z) on RH are as much as possible identical. 

Note that this is equivalent to saying that the contour lines 
on RH of ur(x,y,z) are equally spaced and are orthogonal to 
the contour lines on RH of vr(x,y,z) Which are also equally 
spaced 
According to one embodiment of the invention, for any 

node (x,y,z) of the tetrahedral mesh in the geological domain, 
u(x,y,z) and v(x,y,z) are computed simultaneously With the 
DSI method in such a Way that: 

u(x,y,z)q1r(x,y,z) for any sampling point (x,y,z) located on 
the reference horizon RH. Note that such a constraint 
can be implemented as a DSI Control Point constraint 

(as described hereabove), 
v(x,y,z)q/r(x,y,z) for any sampling point (x,y,z) located on 

the reference horizon RH. Note that such a constraint 
can be implemented as a DSI Control Point constraint 

(as described hereabove), 
In any tetrahedron T of the mesh covering the geological 

domain, each of the gradient of u(x,y,z) and the gradient 
of v(x,y,z) must be orthogonal to the gradient of t(x,y,z). 
Such a constraint canbe implemented as a so called “Dot 
product” DSI Constraint (to be further de?ned thereaf 
ter), 

In any tetrahedron T, the gradient of u(x,y,z) and the gra 
dient of v(x,y,z) must be orthogonal betWeen them and 
have the same length. Such a constraint can be imple 
mented as a so called “Conformal Mapping” DSI Con 

straint (to be further de?ned thereafter). 
“Dot product” and “Conformal Mapping” constraints can 

be turned into regular linear DSI Constraints corresponding 
to linear equations similar to equation [E2] and involving 
values of u(x,y,z) and v(x,y,z) at the vertices of a given tetra 
hedron T containing (x,y,z). 

For that purpose, it is reminded that t(x,y,z) has been pre 
computed and, for each tetrahedron T it is then possible to 
compute the unitary vector N collinear to the gradient of 
t(x,y,z) inside T. 

It is then proceeded as folloWs: 
Specifying that u(x,y,z) is orthogonal to N is equivalent to 

saying that the dot product (also called outer product or 
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scalar product) of the gradient of u(x,y,Z) With N is equal 
to Zero. Such a dot product is linear relatively to the 
values of u(x,y,Z) at the vertices of T and can thus be 
considered as a valid DSl constraint called a “Dot Prod 
uct” DSl constraint (see equation [E2]). Specifying that 
v(x,y,Z) is orthogonal to N can be achieved in a similar 
Way. 

The cross product (also called inner product or vectorial 
product) of the gradient of u(x,y,Z) by the unitary vector 
N is a vector U orthogonal to N Whose length is equal to 
the length of the gradient of u(x,y,Z) and Whose compo 
nents are linear combination of the values of u(x,y,Z) at 
the vertices of T. The constraint applied here is that U 
should be equal to the gradient of v(x,y,Z)ithis con 
straint being a linear equation involving the values of 
u(x,y,Z) and the values of v(x,y,Z) at the vertices of T: 
such an equation is thus a valid DSl constraint (see 
equation [E2]) called a “Conformal Mapping” DSl Con 
straint. 

Similarly, the cross product (also called inner product or 
vectorial product) of the gradient of v(x,y,Z) by the vec 
tor (—N) is a vector V orthogonal to N Whose length is 
equal to the length of the gradient of v(x,y,Z) and Whose 
components are a linear combination of the values of 
v(x,y,Z) at the vertices of T. The constraint applied here 
is that V should be equal to the gradient of u(x,y,Z)ithis 
constraint being a linear equation involving the values of 
u(x,y,Z) and the values of v(x,y,Z) at the vertices of T: 
such an equation is thus a valid DSl constraint (see 
equation [E2]) called a “Conformal Mapping” DSl Con 
straint. 

As a result of the pair of Conformal Mapping constraints 
presented above, the gradients of u(x,y,Z) and the gradient of 
v(x,y,Z) should have the same length and should be orthogo 
nal. 

Moreover, as a result of the Dot Product constraint, both 
gradients of u(x,y,Z) and v(x,y,Z) should be orthogonal to the 
gradient of t(x,y,Z). 

To compute u(x,y,Z) and v(x,y,Z) simultaneously With the 
DS1 method, it is possible to proceed as folloWs: 
De?ne a vectorial function g(x,y,Z):[u(x,y,Z),v(x,y,Z)] in 

the Whole geological domain, 
Choose a set of sampling points on the reference horiZon 
RH. Such choice of the sampling points can be arbi 
traryiit is hoWever preferred to chose the sampling 
points such that they are at least approximately uni 
formly distributed on RH, 

For each sampling point (x*,y*,Z*) on the reference hori 
Zon (it is speci?ed that the reference * in association With 
x,y,Z means that a given sampling point is considered), 
identify the tetrahedron T containing this sampling point 
and install a pair of DSl Control Point constraints (as 
previously described) specifying that u(x*,y*,Z*)q1r 
(x*,y*,Z*) and v(x*,y*,Z*)q/r(x*,y*,Z*), 

For each tetrahedron T, a pair of Dot Product DSl con 
straints are installed to specify that both gradients of 
u(x,y,Z) and v(x,y,Z) inside T are orthogonal to the gra 
dient of t(x,y,Z), 

For each tetrahedron T, a pair of Conformal Mapping DSl 
constraints are installed to specify that the gradient of 
u(x,y,Z) and v(x,y,Z) must be orthogonal and must have 
the same length, 

For each pair of tetrahedra (T1,T2), a DSl Constant Gra 
dient constraint is installed to ensure the smoothness of 

the solution, 
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If need be, other DSl constraints may be added (e.g., see 

Mallet: Geomodeling4Oxford University Pressi 
2002), 

The DSI interpolation method is then run to solve in a least 
square sense the system of linear equations correspond 
ing to the DS1 constraints mentioned above. As a result, 
the values of the vectorial function g(x,y,Z):[u(x,y,Z),v 
(x,y,Z)] at all the nodes of the tetrahedral mesh are 
obtained. 

Local Evaluation of u(x,y,Z), v(x,y,Z) and t(x,y,Z) 
Once the values of the functions u(x,y,Z), v(x,y,Z) and 

t(x,y,Z) are knoWn at the nodes of the tetrahedral mesh, it is 
then possible to compute as folloWs the numerical value of 
each of these functions at any location (x,y,Z) in the geologi 
cal domain: 

First, the tetrahedron T containing (x,y,Z) is retrieved 
Next the barycentric coordinates {A(m0|T,x,y,Z), A(m1|T, 

x,y,Z), A(m2|T,x,y,Z); A(m3|T,x,y,Z)} of (x,y,Z) relative 
to the four vertices (m0, m1, m2, m3) of T are computed 

Finally, according to an equation similar to equation [E1], 
the numerical values of the functions u(x,y,Z), v(x,y,Z) 
and t(x,y,Z) at location (x,y,Z) are obtained as a linear 
combination of the values of these functions at the ver 
tices of T Weighted by the respective barycentric coor 
dinates of (x,y,Z) relative to these vertices. 

For example, such a process can be used to evaluate the 
parameters uq1(x,y,Z), vq/(x,y,Z) and/ or t?(x,y,Z) at any ref 
erence point inside a voxel of the 3D screen (e. g. a comer of 
said voxel, or its centre, . . . ). 

The “Cookie-Cutter” Method4General Aspects 
As mentioned above, the “cookie-cutter” method is an 

alternative to the “parametric” method for associating a Cell 
id to a voxel. 

This method is carried out for the “voxel painting step”, 
after the de?nition of the voxels (Which is carried out in the 
same Way as mentioned above). 

It is recalled that this method implies only one transfer 
function t(x,y,Z)ithis transfer function being the same as the 
function t presented above so that all comments made above 
about this transfer function t and the associated DSl con 
straints remain applicable for the cookie-cutter method. 

Therefore, the computation of this transfer function t is 
carried out as exposed above, eg With a DSl technique. 

In order to carry out this method, a series of increasing 
integer parameters {t0,t1, . . . , tn} is de?ned, and {H(t0), 
H(t(1), . . . , H(tn)} is de?ned as the respective corresponding 

horiZons of the geological domain, being recalled that said 
horiZons must not be intersected by the edges of the cells to be 
built. 
The parameters t0, t1, . . . , tn are assumed to form an 

arbitrary increasing series of scalarparameters corresponding 
to the values of the transfer function t(x,y,Z) on the respective 
horiZons H(t0), H(t(1), . . . , H(tn). 

The horiZons {H(t0), H(t(1), . . . , H(tn)} de?ne geological 
layers, each geological layer being de?ned by its borders 
Which are tWo successive horiZons (associated to tWo respec 
tive successive parameters ti) 

In practice, thanks to the DST method, the parameter t?(x, 
y,Z) can be interpolated continuously at any location (x,y,Z) in 
the geological domain in a similar Way as the one Which Was 
proposed above in the frame of the “parametric” method. 
As a consequence, for any point (x,y,Z) in the geological 

domain, comparing the value of t(x,y,Z) to the values {t0, 
t1, . . . , tn} alloWs the geological layer containing this point to 
be determined. 
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Indeed, for any given value of t(x,y,z), the corresponding 
point of the geological domain shall be included in the geo 
logical layer de?ned by an horizon H(ti) associated to a 
parameter ti smaller than t(x,y,z) and another horizon H(ti+ 1) 
associated to a parameter ti+1 greater than t(x,y,z). 
As an illustration, the geological domain can thus be com 

pared to a “cake” Where the stack of “geological layers” play 
the role of alternate “pastry layers”: Partitioning the geologi 
cal domain into cells can then be vieWed as the analogue of 
partitioning a cake With a cookie cutter. 

Based on the above “Cookie-Cutter” analogy, a method for 
building a three-dimensional cellular partition covering a 3D 
geological domain is proposed. This method comprises the 
folloWing steps: 

Constructing a 3D screen covering the geological domain, 
said 3D screen being composed of elementary volumes 
elements (called voxels), 

Associating to each geological layer a respective identi?er 
called “Layer-id”, each layer being associated to a dif 
ferent layer identi?er, 

Partitioning a reference horizontal (x,y) plane of the geo 
logical domain into polygons (for example rectangles, 
triangles, hexagons), 

Associating a respective identi?er called “Polygon-id” to 
each polygon used to partition the horizontal plane of the 
geological domain, each polygon being associated to a 
different identi?er, 

De?ning a function F(L,P) in such a Way that tWo different 
pairs (L,P) generate tWo different values for F(L,P) 
equal to valid Cell-ids, 

Associating a respective cell identi?er “Cell-id” to each 
voxel of the 3D screen, in such a Way that Cell-id:F(L,P) 
Where L is the Layer-id containing the voxel While P is 
the polygon containing the vertical projection of a ref 
erence point (for example the centre) of the voxel onto 
the horizontal plane of the geological domain. 

Here again, the cells of the geological domain are thus 
de?ned Without having to code the geometry and/ or topology 
of said cells in said geological volume. 

Indirect Construction of Cells on the 3D Screen 
As mentioned above, it is possible to treat all or part of the 

3D screen With an “indirect” method for associating a Cell-id 
to the voxels of said speci?c area. 

This indirect method can be used in particular for post 
processing the voxels of speci?c areas of the geological 
domain, and change the value of the Cell-ids of said voxels 
after running a direct method such as mentioned above 
(“parametric”, or “cookie-cutter” method). 
The main steps of such indirect method are the folloWing 

1. For each voxel V of the 3D screen, a memory slot I:I(V) is 
reserved for memorizing a code corresponding to the Cell 
id of the voxel, 

2. A series ofpairs {(S1,I1), (S2,I2), . . . , (Sn,In)} is de?ned 
so that for each pair (Sk,Ik): 
Sk itself represents a series Sk:{Vk1,Vk2, . . . } of voxels 

of the 3D volume contained Within the cell Ck to be 
builtithis series Sk being referred to as a “kemel”, 

Ik represents the Cell-Id associated to the future cell Ck to 
be built, 

It is to be noted that in a minimal con?guration Sk can be 
reduced to a single voxel contained Within the cell to be built, 
and in a maximal con?guration Sk can consist in all the voxels 
contained in said cell to be built. BetWeen these tWo extreme 
con?gurations, Sk can comprise any number of voxels con 
tained in the cell to be built, 
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3. Each voxel V is “painted” by memorizing in I(V) as a 

Cell-id the Cell-id Ik corresponding to the pair (Sk,Ik) 
Which ful?ls the criteria that there is a voxel of the series 
Sk:{Vk1,Vk2, . . . } closer to V than any voxel of any other 
series Sj de?ned above. 
Step 3 mentioned above can be carried out in a number of 

Ways. 
For example, existing methods such as the ones proposed 

by Saito et ToriWaki (Saito, T. et ToriWaki, J. I., (1994). NeW 
algorithms for Euclidean distance transformations of an n-di 
mensional digit picture With applications. Pattern Recogni 
tion, V 27, No 11, pp. 1551-1565), Ledez (Ledez, D., Mod 
elisation d’obj ets Naturels par formulation Implicite. 
Mémoire de these, Institut National Polytechnique de Lor 
raineiNancy, France) or Cuisenaire (Cuisenaire, O., (1999). 
Distance transformations: Fast algorithms and application to 
image processing. These de doctorat, Université Catholique 
de Louvain) can be used for computing and memorizing in 
association With each voxel V the shortest distance (or its 
value to the square) from V to a set of given points of the 
geological domain. 
The cells are then built as mentioned above, as the union of 

the voxels having the same Cell-id. 
According to this indirect method, each cell Ck to be built 

is totally de?ned by a pair (Sk,Ik) as de?ned above. 
For example, if it is desired that the frontier betWeen tWo 

cells Ck and Ch to be built should be included in a given 
surface P (such as eg a fault or an horizon), then the series of 
points contained in Sk and Sh shall be de?ned so that there 
exist pairs of points (Pk, Ph) Whose points Pk, Ph belong 
respectively to the voxels of the borders of Sk and Sh and such 
that the segment PkPh be cut in its middle by said surface F. 

Such technique is analogous to the methods for constrain 
ing the building of non structured cells built in the state of the 
art (see Lepage F., (2003). Generation de maillages tridimen 
sionnels pour la simulation des phénomenes physiques en 
géosciences. Mémoire de these, Institut National Polytech 
nique de LorraineiNancy, France). 

Similarly, if it is desired to place radially cells around the 
path of one or several Wells of the geologic domain, methods 
similar to those proposed for building cells (see Lepage, 
reference above and FIG. 8) can be used. 

Hybrid Method: Taking into Account Singular Areas of the 
Geological Domain such as Well Paths Neighbourhoods 

In order to run a How simulator on a 3D cell grid covering 
a geological domain and compute the ?oWs of ?uids through 
the domain, it can be necessary to take into account Well paths 
traversing the geological domain. 
From a practical point of vieW, it is necessary to modify the 

cell grid in the vicinity of said Well paths (eg see FIG. 8). 
This can be achieved as folloWs (example for a single Well 

path): 
1. A ?rst version of the grid is ?rst built, using a direct or 

indirect method as mentioned above. This means that all 
the cells are de?ned, and associated to a valid Cell-id, 

2. A distance threshold D is set and the neighbourhood W(D) 
of the Well path is de?ned as the volume containing the 
points of the geological domain located at a distance from 
the Well path Which is smaller than the threshold D, 

3. For each cell containing at least a voxel located in the 
neighbourhood W(D), said cell is deleted by associating to 
each of its voxels the code <<Cell-Undef>> as a Cell-id. 
Altemately, it is possible to associate to all the voxels 
contained in W(D) the code <<Cell-Undef>> as a Cell-id, 
thereby “deleting” the cells of W(D) Whose voxels are all in 
W(D), and “eroding” the cells having some voxels in W(D) 
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(these voxels are “eroded” from the cell because the value 
of their Cell-id is brought to <<Cell-Undef>>), as Well as 
some voxels outside W(D) (these voxels Will keep their 
Cell-id and the cell Will then be considered as comprising 
only these non-eroded voxels). This means that some cells 
are selectively deleted or erodediand replacement cells 
shall be built as described hereunder, 

4. For each cell Ck Which no longer contains any voxel 
located in the neighbourhood W(D), the set (Sk,lk) is built 
so that Sk be identical to the set of all voxels of Ck While lk 
is equal to the Cell-id of Ck. For each cell containing at 
least a voxel located in the neighbourhood W(D), said cell 
is deleted by associating to each of its voxels the code 
<<Cell-Undef>> as a Cell-id. This means that some cells 

are selectively deletediand replacement cells shall be 
built as described hereunder, 

5. The indirect method Which has been described above is 
used to build the replacement cells Which shall ?ll the 
neighbourhood W(D), said indirect method being carried 
out on the basis of the sets {Sk,lk} built at steps 4 and 5 
above. 

Hybrid Method: Taking into Account Local Heterogeneities 
In order to run a How simulator on a 3D cell grid covering 

a geological domain and compute the ?oWs of ?uids through 
the domain, it can be necessary to take into account local 
heterogeneities of the physical properties in a given region R 
of the geological domain such as, for example, those induced 
by channels, lenses or more generally a region With a rapid 
local variation of some physical property or properties. 

From a practical point of vieW, it is necessary to re?ne the 
cell grid in such a region. 

This can be achieved as folloWs (example for a single 
region): 
1. A ?rst version of the grid is ?rst built, using a direct or 

indirect method as mentioned above. This means that all 
the cells are de?ned, and associated to a valid Cell-id, 

2. The set W(R) of all the voxels contained in the region R is 
de?ned. 

3. For each cell containing at least a voxel located in W(R), 
said cell is deleted by associating to each of its voxels the 
code <<Cell-Undef>> as a Cell-id. Altemately, said cell 
canbe simply “eroded” (as described above, by associating 
to each voxel of said cell Which is contained in W(R) the 
code <<Cell-Undef>> as a Cell-id). This means that some 
cells are selectively deleted or erodediand replacement 
cells shall be built as described hereunder, 

4. For each cell Ck Which no longer contains any voxel 
located in the neighbourhood W(R), the set (Sk,lk) is built 
so that Sk be identical to the set of all voxels of Ck While lk 
is equal to the Cell-id of Ck, 

5. Kernel voxels {VR1,VR2, . . . } are disposed in the region 
R With a local density related (e.g. proportional) to the 
intensity of the heterogeneity of the physical property 
Which varies rapidly into the region R, each kernel voxel 
being located at the centre of the desired replacement cell 
to be built and so that the volume of W(R) is ?lled. For each 
kernel voxel VRk thus created, a set (Sk,lk) is built so that 
kernel Sk is a set of voxels limited to the voxel VRk and lk 
is a valid value for a Cell-id, Which has not been used for 
any other cell, 

6. The indirect method Which has been described above is 
used to build the replacement cells Which shall ?ll W(R), 
said indirect method being carried out on the basis of the 
sets {Sk,lk} built at steps 4 and 5 above. 
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Postprocessing: Taking Faults into Account 

It is recalled that the fault surfaces of the geological domain 
should not be cut by the edges of the cells to be built in the 
geological domain. 

HoWever, it is possible that the implementation of the 
methods described above generates a feW cells Whose edges 
may cut the faults. 
The invention also provides a post-processing in order to 

treat such cells. 
This post-processing is operated as folloWs, for each cell 

Ck produced by a method as mentioned above (direct, hybrid 
or even indirect) and cut by one or several fault surface(s) of 
the geological domain. 

For each such cell Ck, a partition Ck:{Ck1,Ck2, . . . } of Ck 
into smaller subsets Cki of voxels is performed, in accordance 
With the folloWing criteria: 

a. The centres of all voxels located in a same subset Cki are 
located on the same side of the fault surface (this being 
true for every fault surface of the geological domain); 

b. A neW Cell-id is associated to each subset Cki of Ck, said 
Cell-id being different from all Cell-ids already used. 
For each voxel V of the subset Which is considered, this 
neW Cell-id is then memorized in the I(V) memory space 
related to the voxel. 

To implement the above post-processing, it is necessary to 
knoW Which voxels are crossed by the fault surfaces. 

This can be achieved easily by marking as “cut” in the 
memory of the system Which operates the invention the vox 
els Whose, at least, one edge is cut by a fault surface. 

FIG. 3 illustrates the trace of fault surfaces on the 3D 
screen, With the voxels cut by a fault surface being marked as 
“cut” Which translates into a White color for the voxel on the 
representation of FIG. 3. 

This ?gure also shoWs tWo horizons H(tl) and H(t2) Which 
(as Will be explained in this text) are associated to tWo respec 
tive values t1 and t2 of a parameter t. 

Postprocessing: Improving the Shape/Size of Cells 
It is also possible that the methods described above pro 

duce some cells for Which it may be desired to modify the 
shape or siZe (e. g. a cell containing less than a minimum 
desired number of voxels, such as 50 voxels, . . . ). 

The invention further provides a post-processing method 
for merging tWo adjacent cells. This is done by associating to 
the voxels of both adjacent cells to be merged the same Cell-id 
(Which can be the previous Cell-id of one of the tWo cells to be 
merged). 
And it is also possible to post-process the frontier betWeen 

tWo given cells Ck, Ch by treating all or some of the voxels 
bordering the tWo cells. 
More precisely, for a pair of tWo adjacent voxels V0 andV1 

Whichborder respectively the cells Ck and Ch, it is possible to 
incorporate V0 into the cell Ch (or conversely incorporate V1 
into the cell Ck), by associating to said voxel V0 (resp.V1) the 
Cell-id of V1 (resp. the Cell-id of V0). 

This alloWs the frontier betWeen tWo adjacent cells to be 
modi?ed as desired, and hence the shape of the cells. 

Use of a Cell Partition Made on a 3D Screen 

Once a cell partition has been built, it is of course necessary 
to be able to use the information associated With said parti 
tion. 

This is required in particular: 
for performing post-processing operations as mentioned 

above (it can be necessary to identify given cells or 
voxels, to identify the voxels in a given neighbourhood 
or region, . . . ), 
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for using the cell partition in further processing, typically 
With a How simulator. 

As explained above, a 3D cell partition is de?ned by the 
Cell-ids associated to the different voxels of the 3D screen 
Which underlies the cell partition. 
As an illustration, FIG. 7 shoWs a cell built according to the 

invention, With a set of voxels associated to the same Cell-id. 
The enlarged vieW of this ?gure shoWs the aliasing on the 

faces and edges of the cell. Said aliasing is associated to the 
fact that the cells are built With elementary volume elements 
(the VOXBISiWhICh are hexahedral in the case of this ?gure). 

De?ning a minimum standard number of voxels per cell 
(e. g. 50) alloWs such an aliasing effect to be kept at an accept 
able level (see eg FIG. 3). 

Each voxel V of the 3D screen can be accessed through its 
index information Loc(V), and its associated Cell-id is acces 
sible through the value of I(V) memorized in the system 
Which operates the invention. 

It is speci?ed that in order to use the cells of the partition 
With a How simulator, additional information is typically 
associated to each voxel for representing physical parameters 
of the geological domain. A typical use of the cells of the 3D 
screen thus implies memorizing in association With each 
voxel a permeability data, Which can be a scalar data (from 
Which a permeability tensor can be derived for the cell con 
taining the voxel, as explained beloW). 

The main elementary operations associated With the vox 
els/cells of the 3D screen are described beloW: 

In order to ?nd an arbitrary voxel V contained in a given 
cell Whose Cell-id is knoWn to have a given value I0, all 
voxels of the 3D screen and their respective associated 
Cell-id are scanned until such a voxel is found (i.e. I(V) 
of the voxel:I0). This scanning can be a sequential scan 
of all voxels in a predetermined order Which is ?xed, but 
the scanning of the voxels can also be optimiZed by 
using eg an octree method knoWn in the computational 
geometry, 

In order to ?nd the voxel of the 3D screen Which contains 
a given point P(x,y,Z) having coordinates (x,y,Z) in the 
referential of the geological domain, and assuming that 
the three dimensions of the 3D screen are parallel to the 
three respective axis X, Y, Z of said referential and that 
all voxels are identical hexahedra, the searched voxel 
shall be identi?ed by a given line (i), column (j) and 
plane (k) of the 3D screen. These elements are found as 
folloWs: 

iIinteger part of (x—xO)/DX 

jIinteger part of (y—yO)/DY 

lFinteger part of (z—z0)/DZ, 

With (x0,y0,Z0) the coordinates in the referential of the 
geological domain of the origin of the 3D screen and 
(DX,DY,DZ) the respective dimensions of each voxel 
along directions X, Y, Z 

In order to determine the Cell-id of a cell containing a given 
voxel V, the value I(V) memoriZed in association With 
said voxel V is read, 

In order to determine the set Wc of all voxels of a 3D screen 
Which belong to a given cell C containing a given voxel 
Vc associated to a Cell-id I(Vc), a method consists in 
scanning the voxels of the 3D screen through successive 
concentric adjacent “rings” centered on said given voxel 
Vc. 

A “ring” is de?ned as a domain of the 3D screen (i.e. a 
collection of voxels) de?ned by the volume difference 
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betWeen a ?rst “sphere” (in the sense of the so-called 
“Manhattan” geometry in the case Where all the voxels 
are identical hexahedra) and a second “sphere” Which is 
concentric and adjacent to the ?rst sphere, and of a 
greater radius. 

Each of the concentric “rings” is thus de?ned by the dif 
ference betWeen a given sphere of a series of concentric 
spheres (in the sense of the so-called “Manhattan” 
geometry in the case Where all the voxels are identical 
hexahedra) and the sphere adjacent in said series of 
spheres. 

It is speci?ed that the siZe of the spheres of the series (and 
hence the siZe of the successive rings) can increase With 
a given increment. 

Through such scanning, the information I(V) of each 
scanned voxel is read and only the voxels having a I(V) 
equal to I(V c) are retained. The scanning stops as soon as 
one of the successive concentric rings does not contain 
any voxel associated to the value I(Vc), 

In order to ?nd a set N(V c) of voxel composed of voxels 
belonging to cells adjacent to a cell C Which contains a 
given voxel Vc associated to a Cell-id I(Vc), said set 
N(V c) containing only one voxel of each such cell adja 
cent to the cell C, the folloWing steps are carried out: 
Starting from Vc, all voxels of the 3D screen associated 

to the same Cell-id I(V c) are identi?ed by successive 
rings (as described above), this forming a ?rst set of 
voxels, 

From the voxels of this ?rst set only the voxels Which are 
adjacent in the 3D screen to a voxel associated to a 
Cell-id different from I(V c) are retained, this forming 
a second set of voxels, 

From this second set of voxels, the redundancies are 
furthermore eliminated (i.e. for a given Cell-id, only 
one voxel is ?nally retained), in order to produce the 
desired set N(V c), 

In order to determine the volume of a cell C containing a 
given voxel Vc, a possible method is as folloWs: 
In a ?rst step, the set Wc of all voxels V associated to the 

same Cell-id as Vc is de?ned (see above), 
The number n of voxels in Wc is counted, 
Assuming that all voxels have the same volume (the 

most practical con?guration being the one Where all 
voxels are identical), the volume of C is computed as 
n times the volume of a voxel, 

In order to de?ne a common face F(C0,C1) shared by tWo 
adjacent cells C0, C1 associated to respective Cell-ids 
id0 and id1, such common face F(C0,C1) is de?ned as 
the set of all pairs of adjacent voxels (V0,V1) such that 
V0 belongs to C0 While V1 belongs to C1. To retrieve 
F(C0,C1), one can proceed as folloWs: 
An empty set F(C0,C1) of pair of voxels is created, 
An empty set W0 of voxels is created 
For each voxel V0 of C0, V0 is inserted into W0 if and 

only if, at least, one of the neighbouring voxels of V0 
is associated to a Cell-id equal to the Cell-id id1 ofC1, 

For each voxel V0 of W0, and for each voxel V1 adjacent 
to V0, a pair (V0,V1) is created and inserted into 
F(C0,C1) if and only if V1 is holding a Cell-id equal 
to the Cell-id id1 of C1. 

The above illustrates using the voxels of C0 as the starting 
base of the method (creation of W0 from voxels of C0). 
It is of course possible to start instead from C1, and build 
a set W1 in order to build F(C0,C1). 

It should be noticed that F(C0,C1) contains both the topol 
ogy and the geometry of the face shared by C0 and C1: 










